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Abstract : Dielectric parameters of low loss bulk materials are correlated with their 
powdered form For this purpose, measurements of dielectric constant and loss tangent are 
carried out on powders of different grain-sizes for three samples namely, two different varieties 
ol marble and one variety of soap stone at 9 921 GHz. Using these values, dielectric constant and 
loss tangent values arc estimated for the bulk matenal. A comparison of results is done for atl the 
three samples between the calculated values for bulk material and the results obtained from 
Boucher’s formula.
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D i f f e r e n t  w o r k e r s  [ 1, 2 ]  h a v e  t r i e d  t o  c o r r e l a t e  d i e l e c t r i c  b e h a v i o u r  o f  h u l k  m a t e r i a l s  a n d  
t h e i r  p o w d e r s  f o r  a  l o n g  t i m e .  N o n - a v a i l a b i l i t y  o f  r e q u i r e d  s i z e  o f  b u l k  m a t e r i a l s  f o r  
m o u n t i n g  i n  t h e  w a v e  g u id e s  s o m e  t i m e  r e s t r i c t s  u s  t o  a n a l y s e  t h e  d i e l e c t r i c  b e h a v i o u r  o f  
t h e  m a t e r i a l .  B o t t c h e r  [ 3 ]  g a v e  a  u s e f u l  r e l a t i o n  t o  c o r r e l a t e  d i e l e c t r i c  b e h a v i o u r  o f  b u l k  
m a t e r i a l  a n d  i t s  p o w d e r  f o r m .
I n  r e c e n t  p a s t ,  G a n d h i  a n d  Y a d a v  [ 4 ]  s u g g e s t e d  a  s i m p l i f i e d  m e t h o d  t o  c a l c u l a t e  
d i e l e c t r i c  c o n s t a n t ,  l o s s  f a c t o r  a n d  c o n d u c t i v i t y  v a lu e s  o f  p o w d e r .  T h i s  m e t h o d  i s  p e r h a p s  
v e r y  u s e f u l  i n  u n d e r s t a n d i n g  t h e  s t r u c t u r a l  b e h a v i o u r  o f  p a r t i c l e  i n  a n  a l t e r n a t i n g  
e l e c t r o m a g n e t i c  f i e l d .  U s i n g  t h i s  m e t h o d ,  s t u d y  o f  d i e l e c t r i c  b e h a v i o u r  o f  t w o  d i f f e r e n t  
q u a l i t i e s  o f  m a r b l e ,  o b t a in e d  f r o m  M a k r a n a  i n  R a ja s t h a n  a n d  A m b a j i  i n  G u j a r a t  a n d  s o a p  
s t o n e  o b t a in e d  f r o m  m in e s  i n  U d a i p u r ,  i s  c a r r i e d  o u t .  I n  t h i s  p a p e r ,  t h e  d i e l e c t r i c  b e h a v i o u r  
o f  l o w  l o s s  b u l k  m a t e r i a l s  a n d  t h e i r  p o w d e r e d  f o r m  a r e  c o r r e l a t e d  w h e n  t h e s e  m a t e r i a l s  a r e  
p l a c e d  i n  t h e  h i g h  f r e q u e n c y  c h a n g i n g  e l e c t r i c  f i e l d .
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i s  e x c i t e d  i n  T Em n m o d e ,  t h e  p r o p a g a t i o n  c o n s t a n t  yd w i l l  b e  g i v e n  b y
rd
2 n
£p -
f 2 A 
A0
v K )
n V 2
(1)
O n  s u b s t i t u t i n g  je"  a n d  s e p e r a t i n g  r e a l  a n d  i m a g i n a r y  p a r t s ,  v a l u e s  o f
€p a n d  e" w i l l  b e  g i v e n  b y
€ =
J
( x \Ao
K ^ d  J
a. \2
Pd
( 2 )
^d Pd
( 3 )
F o r  l o w  l o s s  m a t e r i a l s
=
\Pd J 
2
/v0 '
A..
{{ 1, hence
2
a n d f ; : = I [ a d ^ d ) - (4)
H e r e  A ( ,  i s  t h e  f r e e  s p a c e  w a v e  l e n g t h ,  Xd i s  t h e  w a v e  l e n g t h  i n  d i e l e c t r i c  a n d  A* i s  t h e . 
c u t - o f f  w a v e  l e n g t h  o f  t h e  w a v e  g u i d e ,  a j  i s  t h e  a t t e n u a t i o n  i n t r o d u c e d  p e r  u n i t  l e n g t h  o f  
d i e l e c t r i c  m a t e r i a l  a n d  jS j  i s  t h e  p h a s e  s h i f t  i n t r o d u c e d  p e r  u n i t  l e n g t h  o f  d i e l e c t r i c  m a t e r i a l .
U s i n g  a b o v e  r e l a t i o n s  a n d  t h e  s i m p l i f i e d  m e t h o d  s u g g e s t e d  b y  G a n d h i  a n d  Y a d a v  [ 4 ] ,  
e't a n d  €" v a lu e s  f o r  M a c r a n a  m a r b l e ,  A m b a j i  m a r b l e  a n d  s o a p  s t o n e  a r e  c a l c u l a t e d  a n d  
t a b u l a t e d  i n  T a b l e  1 .
N o w  f o r  l o w  l o s s  m a t e r i a l s ,  d i e l e c t r i c  c o n s t a n t  a n d  l o s s  f a c t o r  f o r  b u l k  m a t e r i a l s  c a n  
b e  c o r r e l e a t e d  w i t h  t h e i r  p o w d e r  f o r m  b y  t h e  r e l a t i o n
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If we define tan 0S = g"/g' and tan 6 p = g"/g',then
t a n  6 ,
p
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For solid bulk (5=  1), hence tan 0y = tan 8p. Using these relations, e ' and e "  are 
calculated for the three materials of different grain-sizes. For comparison of results e ' and 
e " values are also calculated from Bottcher’s relation.
For powders, Bottcher's formula is given by 
-  ■>
o  ~3 E  £  +  2 £p x p
where £* and E* are complex permittivity of bulk and powdered materials respectively.
These values are presented in the tabulated form in Table 1. Values of tan 0S for 
three materials of different grain-sizes are also calculated and tabulated in Table 1. It is 
found that the deviation in tan0y values obtained from Bottcher’s relation and present 
calculations is almost negligible.
Table 1 lists the values of permittivity e ' and loss factor e" with the values of 
packing fraction S and the grain-size for the three samples namely, Macrana marble, 
Ambaji marble and soap stone. These results arc tabulated both for powder form and bulk 
materials. Permittivity E y and loss factor e" for bulk material, given in the Table 1 are 
obtained using eqs. 5 and 6. These parameters are also calculated using eq. 8 for 
comparison of results. It is found that variation of e ' and e " values from both the relations 
is similar. It can be observed that e ' value initially increase and then decreases on 
increasing packing fraction values for all the three materials, e' values do not depend 
simply on the particles contributing towards polarisation but also on other local conditions 
like grain boundaries, their contours and presence of small possible air packets. These arc 
possibly responsible for non-linear variation of e ' with packing fraction. On the other hand, 
e" values increase with the increase in packing fraction, because e" values depend 
directly on the number of dipoles participating the loss. Therefore, e " values hence e n" 
values vary linearly with packing fraction.
Validity of these relations (5)-(7) can also be understood from the fact that deviation 
in e ' ,  e " and tan0s values obtained from two sets of relations (5)-(7) and (8) is not 
significantly large. These relations are simple to apply. Hence, estimation of dielectric 
behaviour of bulk material can be made easily by studying dielectric parameters of its 
powder.
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